Abstract Plasma cutting is a thermal cutting using a plasma arc that is widely used in metal cutting. 
Introduction
The world of metal fabrication, metal cutting is the initial process step in the fabrication. Cutting in this initial process experienced rapid technological development. Cutting itself is a sharpening of an object using a tool to determine a certain size and accordingly. The principle used in this kind of operation is like turning, dragging, strapping, and cutting, just like other processes are done by machine tools.
Along with developments, research on the optimization of Plasma Arc Cutting (PAC) parameters has grown rapidly in obtaining optimum results. Start research using varied variants based on cutting parameters until the metal is used. The use of the analytical method also varied in line with the development of quality control.
CV Kurnia Abadi CNC Plasma Cutting, Jl. KB. Agung No.3, Karah, Jambaxngan, SBY City, East Java 60232. The CV is engaged in . In the case of cutting quality, especially aluminum metal which has a thickness of 10 mm the roughness produced by the cutting process is 21.22 µm and the conicity angle is 14.710. The quality of the results of cutting heat in metal, the standard surface of the heat cut is divided into several parameters as follows [1] .
1. Angle equation and tolerance (u) 2. Average into valleys and surface peaks (Rz5) surface roughness 3. Drag (n) cutting direction 4. Melting upper edge radius (r) 5. Metal melt (dross) at the bottom edge of cutting. To reach the output parameter standard, it is necessary to set the right input parameters according to cutting requirements. Where setting
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Maximizing the amount of metal wasted or MMR (Material Removal Rate) and minimizing surface roughness or SR (Surface Roughness) in cutting EN 31 steel using PAC (Plasma Arc Cutting) using the taguchi method and the WPCA multi-response method approach. The optimum results of the parameters were tested from gas pressure, current and plasma torch distance with a combination of 7 bars, 200 amperes and 4 mm. By using ANOVA, it can be seen that gas pressure has more significant influence on MMR and SR followed by gas pressure [2] .
Optimization of the quality of metal cutting with Experimental Design and taguchi method that Torch Plasma Distance followed by currents also gives the dominant influence in the formation of kerf, MMR and SR on 316L Stainless Steel metal [8] .
In another study using Design Experiment and Anova Analize on Hardox 400 plate. Optimum results of cutting on Hardox 400 plate with a thickness of 12 mm resulted in 421 micron roughness with adjustment of 70 L / m for gas flow rate, with cutting voltage 125 V and cutting speed 2100 mm / minute [6] .
In optimizing some cutting parameters in finding the optimization, cutting current, gas pressure and cutting distance are the main choices. Where each of these studies is looking for cutting quality by saving time which can have an effect on production costs. Especially in minimizing cutting process time by maximizing cutting speed cutting time, minimizing the amount of MMR wasted metal and maximizing cutting smoothness (SR).
Cutting Height is the most dominant influence in cutting in determining the Conicity optimization, MRR and SR, while Cutting Current has the most effect in the HAZ width. So that the proper parameter settings can give smaller HAZ results so that the microstructure of the metal is still like a base material according to its use [5] .
In achieving good cutting results in accordance with EN ISO 9013 standards, the need for quality improvement in determining parameters in a process. A research towards product design and optimizing production processes is important for increasing product productivity and quality. Quality can be achieved by optimizing design to minimize costs in obtaining and maintaining the position of world market competition.
Statistical methods have been developed from time to time and are used in various fields, one of them in the field of optimization. One of the most used optimization methods is Taguchi. The taguchi method is one of the off-line methods of controlling product quality, namely by controlling or improving quality by starting from design to product processing [7] . This method uses an efficient approach using experimental planning to produce a combination or factor level that can be controlled at a small cost but still supplies and meets consumer needs. this taguchi.
method is used and resolves the one response optimization case. Then for multirespon case analysis is being developed in stages until the present, Gray Relational Analysis for example. The GRA method produces conclusions more efficiently in determining the optimization process for the parameters. Based on the system gray theory. this theory can overcome the lack of incomplete and unclear information. Gray's theory system is to study problems with small samples and little data information. With GRA, the gray relational grade (GRG) value will be obtained to evaluate the responses that are numerous. So that the results of a large number of response optimizations are obtained to be an optimization of one GRG [4] .
From some of the descriptions and research above, we can know that the quality of the cut-off surface of aluminum metal using plasma arc cutting has its disadvantages, namely the quality of the cut. So the researchers focused on the optimization of the quality of cutting results based on EN ISO 9013 standard and combined the input settings parameters of gas pressure, current, cutting speed, and cutting distance in improving the optimization results and knowing the contribution of input parameters for each response variable. The advantage of this research is to integrate the Taguchi and GRA methods, making it more efficient than the multi-response optimization method from several previous researchers.
Experimental procedure
This research was carried out experimentally using the taguci method and gray relational analysts to improve cutting quality and 
Research Design
The design of this study uses the Taguchi L-9 Design Method with an orthogonal matrix (3 4 ) robust design. Then, from the research design, the optimization phase will be carried out simultaneously using the Taguchi-Gray method. The selection of process parameter factors can be seen in table 1 and the experimental design.
After determining the cutting parameters and number of levels then do a combination of experiments with L9 Orthogonal Experiment 
Every experiment measured a value of 2 responses to the value of conicity and surface roughness. The two response values are used as data analysis processing values.
Work piece
The object studied was the quality of the cutting results of Aluminum 5083 in order to meet the EN ISO 9013 standard by optimizing the kerf width, metal roughness (SR), and surface angle (Conicity). Aluminum 5083 which will be studied with dimensions of length and width of 50 mm x 40 mm with a thickness of 10mm. The shape of the specimen is shown in Figure 1 . Aluminum 5083 Aluminum 5083 is one of the non-ferrous metals where the type of metal that chemically does not have iron or Ferro (Fe). Enter in the category of aluminum metal with magnesium alloy, namely Al-Mg (seri5000). With a metal melting point of 6500C. The preliminary data in the field show that the results of cutting on aluminum have a metal roughness level of 21.22 µm and a conicity angle of 14.710. 
Data Processing Stage
The data processing phase is the steps taken to solve the problems in the study:
1. Making an experimental design 9. Make conclusions on the results obtained.
Results and Discussion
In this chapter describes data collected and processing data to solve problems on the Industrial.
Data Collection
The following is a recapitulation of the mean results from retrieving surface roughness data and the large conicy angle on the cutting surface of aluminum metal specimens 5083 in table 3.
Calculation of Deviation Squence Value
The value of deviation sequence is the absolute difference between the maximum value of the normalization result of each response value. Deviation sequences are calculated using formulas.
The example of calculating the value for surface roughness response in the first combination is as follows.
The results of calculating the values for each response parameter in each combination can be shown in the following table 4. 
Calculation of Gray Relayional Coefficient and Gray Relational Grade
GRC is the relationship between the ideal conditions and the actual conditions of the response parameters from the calculated deviation sequence values. The GRC value is calculated based on the value of each response. The GRC value is calculated with the distinguish coefficient value of 0.5.
The example of calculating the GRC value for the surface roughness response in the first combination is as follows. ξ i (1)= 1.000
After obtaining the GRC value for each response presented in Table 5 an experiment consisting of two responses will be converted into one variable Gray Relational Grade (GRG). The results of the GRG calculation in table 6 will be used to determine the composition of the factors that produce the optimum response based on smaller is better simultaneously.
Data taken from table 5 in the average GRG column is the sum of the GRC values of SR and Conicity. The GRG value and GRC is same value, but GRG is average and GRC is spesification every parameter. Grade calculation shown in table 6 , it can be concluded that the one with the optimal value is the lowest GRG experimental value shown in experiment 4 with parameter settings A1, B3, C1, and D2. After obtaining the optimum combination of process parameters, the next step is a confirmation experiment which obtained the roughness and conocity values. 
Percent Contribution
Variance analysis (ANOVA) was used to determine process parameters that had a significant influence on the response and the magnitude of the contribution of factors to the response.
If the error free degree is 0, then it cannot calculate the value of the number of error squares so that the average error square cannot be calculated and it also results in the calculation of the calculated F value. So polling needs to be held (merging several factors into error).
Polling up is done by eliminating the factors that have a small number of squares of non-significant factors which are then combined into a number of squared errors. Taguchi recommends that this incorporation procedure be carried out until the error free degree approaches half of the total degrees of observation [7] . The least number of squares of significant factors is factor D.
ANOVA calculation is obtained in the following table. And for the calculation of the contribution size for both responses, the current strength has a contribution of 79.42% and followed by a cutting speed of 11.03%.
Comparison of Results of Initial Data and Optimum Combination Results
Comparison of metal roughness and conocity in actual conditions obtained data of 17.67 µm and 14,710, while the optimum condition values obtained were 13.13 µm and 11,220. In table 9 is a comparison of actual conditions and optimum combinations. Based on data processing using the Taguchi and GRA methods compared to the actual data, it was found that the cutting quality improvement was achieved by decreasing metal roughness by 25.69% and conicity by 23.72%. The actual high condition is caused by setting a large cutting current parameter and setting a cutting speed that is too slow, the gas pressure is too large, and the cutting distance is too close. So the nominal metal roughness is high and the conocity value increases. Operator costs in one second are Rp. 12.00 Based on field data taken at CV Kurnia Abadi CNC Plasma Cutting, after confirmation of the experimental specimens, the process is cut, then the next process is refining the cut surface. Data for refining the results of cutting specimens in table 11. In refining the specimen finishing process, the time taken is 6.7 seconds for optimum combination per 500 mm2. So that the time needed to refine the surface area is 100 mm2 in =1,34 seconds t1 = Is time needed to smooth the surface area of the optimum combination specimen every 100 mm2 Cost calculation smoothes surface specimens cut the initial condition response before optimization and the optimum combination is obtained from multiplying the amount of time needed to smooth every 100 mm2 and operator costs every second. Then the data is compared and analyzed in table 12. Difference in the reduction of time from the actual data and the optimum combination shows that there is a process of decreasing the working time of 2.16 seconds in table 5.18. So that the cost that can be minimized by the manufacturer in smoothing the cut surface per 100 mm2 of aluminum is Rp. 25.11 and finishing time is 2.16 seconds.
Conclusion
The combination of treatment parameters for cutting CNC plasma cutting on aluminum 5083 metal uses the taguchi and GRA method on the vaiable surface roughness response and conicity obtained by cutting current settings of 90 A, cutting speed of 1800 mm / s, gas pressure of 3 bars, and cutting distance by 3mm. after conducting a confirmation experiment it was found that the surface roughness was 13.13µm and the conicity angle was 11,220. The contribution that influences the vaiable surface roughness response and conicity, the contribution of the cutting current factor is 79.42% followed by the cutting speed of 11.03%. Comparison of the optimal conditions and the optimum increase in
